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INTRODUCTION
Phylogeographical patterns reconstructed from pres-
ent genetic data can provide insight into the processes
generating biological diversity, and such diversity can be
dramatically affected by Pleistocene glacial cycles (Avise,
2000; hewitt, 2000). The Pleistocene climate of iran was
more distinctive than in other countries at similar latitudes
(Krinsley, 1968) and exerted great influence on the biota
of iran. The Pleistocene climatic fluctuations created
many ice barriers and blocked connections between pop-
ulations of freshwater fauna in the Alborz Mountains (Ba-
narescu, 1991; Brandis et al., 2000). This, for example,
explains the occurrence of a freshwater crab species,
Potamon bilobatum Brandis, storch & Türkay 2000, with
a highly confined local distribution in this region. The
fragmented distribution of the lizard genus Iranolacerta,
present in the northwest of iran and the central Zagros
Mountains, is also most likely due to past climatic fluc-
tuations (Ahmadzadeh et al., 2012). rajaei sh et al.
(2013) discuss the occurrence of two sympatric moth
species whose populations were contracted into several
possible refugia (especially the Zagrosians) during the
Last Glacial Maximum, suggesting a noticeable effect of
glacial periods. so far, no study has been conducted on
the effect of glacial periods on population structure of
freshwater organisms in the Alborz Mountains. Therefore,
it seems necessary to study the possible role of Pleis-
tocene glaciations on the phylogeographical patterns of
freshwater organisms.
The Middle east is one of the main distribution areas
for freshwater crabs of the genus Potamon savigny, 1816.
recently, Keikhosravi and schubart (2014) re-described
and revalidated Potamon elbursi Pretzmann, 1976, confirm-
ing its status as an endemic species of northern iran. The
distribution of this species is bordered to the north by the
central and southern slopes of the western Alborz Moun-
tains, whereas the southernmost distribution reaches to the
sources of two drainage systems, Namak Lake and the
south Caspian sea drainages. only at one point does the
distribution extend northward through the Alborz Moun-
tains (sepidrood valley), reaching the Caspian sea (Fig. 1).
P. elbursi thrives over a large range of climatic zones; there-
fore obtaining knowledge about the population genetic
structure of this species will facilitate a better understanding
of its biology and diversification patterns to avoid repetition.
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ABSTRACT
Hydrographically separated populations of the freshwater crab Potamon elbursi Pretzmann, 1976 were genetically investigated to
assess their local diversity and to reconstruct the possible role of Quaternary glaciations in shaping current diversity in the Alborz
Mountains, northern Iran. A total of 61 specimens from six rivers were collected from the two different drainage systems of the Alborz
Mountains, Namak Lake and the South Caspian watershed. A comparative analysis of a partial sequence of the mitochondrial cytochrome
oxidase subunit I gene revealed relatively high overall haplotype diversity and low nucleotide diversity. In four populations, there is no
association between the haplotype network and the geographical separation between drainages, whereas the remaining two populations
consist of private haplotypes. Gene flow among rivers was estimated using pairwise differences of Φst; in almost all cases gene flow
was significantly restricted, regardless of association to a particular river system. Surprisingly, the only exception was the pairwise
comparison of two distant rivers belonging to different drainages; this lack of differentiation may be attributed to incomplete lineage
sorting or secondary introduction events. The mismatch distribution analysis, together with the shape of the haplotype network and the
nucleotide and haplotype diversity indices, indicates that the studied metapopulation shows the signature of recent population bottlenecks
followed by demographic or spatial expansion dating back to Pleistocene climatic fluctuations.
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it will also aid conservation efforts if necessary, which may
become important, as some unique and endemic co-occur-
ring freshwater fish species of the southern Caspian Basin
are critically endangered (Kiabi, 1999; Coad, 1980). World-
wide, about one-sixth of all freshwater crab species are at
an elevated risk of extinction as a result of anthropogenic
environmental impacts (Cumberlidge et al., 2009).
in the present study, we sequenced a portion of the mi-
tochondrial DNA cytochrome oxidase subunit i (mtDNA
Cox1) of 61 individuals of P. elbursi belonging to six pop-
ulations from the central Alborz Mountains in order to i)
estimate genetic diversity at inter- and intra-population
level while reconstructing population structure; and ii) to
determine the likely impact of Pleistocene glaciations on
the population structure of P. elbursi, while proposing a
historical demography. our hypothesis, based on repro-
ductive biology and limited dispersion ability of the
species, is that there is a genetic partition in this species,
with populations belonging to different drainages being
more different than populations living in the same
drainage. Moreover, we hypothesize that the studied
metapopulation will carry a signature of population bot-
tleneck followed by expansion, due to recent glaciations,
as reported for other species of this area.
METHODS
Sampling strategy and laboratory work
The Alborz Mountains extend from the northwest of
iran to the southern shores of the Caspian sea and stretch
to the borders of Turkmenistan in the northeast (Fig. 1).
Two distinct climate zones can be encountered on each
side of the mountain chain: the northern slopes face the
lowland area of the Caspian region, a highly forested
Fig. 1. Distribution of Potamon elbursi in two drainage systems encircled by dashed lines: Namak Lake system (right) and south Caspian
sea system (left). Asterisk indicates the location of the sepidrood valley. higher Alborz elevations are indicated by increasing gray
shades. encircled numbers show the localities of collection of selected populations. see Fig. 2 for colour labels.
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area with copious rainfall, whereas to the south the cli-
mate is semi-arid with low precipitation. The six sam-
pled rivers are permanent and belong to two drainage
systems of the Alborz Mountains: two rivers (Darakeh
and Jajrood) form part of the Namak Lake drainage and
drain southward towards the centre of iran, whereas the
other four sampled rivers (Taleghan, sepidrood, Mollali
and Arpachai) belong to the south Caspian watershed
and drain into the sepidrood river which finally dis-
charges northward into the Caspian sea (Fig. 1). A total
of 61 specimens of Potamon elbursi were collected dur-
ing three field trips in 2009 and 2010. one walking leg
from each individual was removed and preserved in ab-
solute ethanol. The detailed sampling sites and sample
sizes are shown in Tab. 1.
Genomic DNA was isolated from the muscle tissue of
walking legs using a modified Puregene method (Gentra
systems) at the University of regensburg in Germany.
DNA from the entire mitochondrial gene cytochrome ox-
idase subunit i (Cox1, ~1500 basepairs) was amplified
with the primer combination CoL6 (5′-TYTChA-
CAAAYCATAAAGAYATYGG-3′) and Coh16 (5′-
CATYWTTCTGCCATTTTAGA-3′) (schubart, 2009).
Polymerase chain reaction (PCr) was carried out under
the following conditions: an initial denaturation step at
94°C for 4 min prior to 40 cycles consisting of a denatu-
ration step at 95°C for 45 s, an annealing step of 45 s with
a touchdown procedure (gradually lowering the annealing
temperature from 53°C to 50°C for the 15 first cycles, fol-
lowed by 25 cycles with 50°C), an extension step at 72°C
for 90 s; a final extension at 72°C was run for 8 min.
sanger sequencing was outsourced to LGC Genomics
(Berlin, Germany) using Coh16 as sequencing primer.
The resulting DNA-sequences were manually corrected
with Chromas Lite 2.01 (Technelysium Pty Ltd., 2007)
and aligned using Bioedit (version 5.09; hall, 2001). The
software Artemis (ver. 14.2.2; Carver et al., 2012) was
used to detect possible amplification of pseudogenes. se-
quences were submitted to the european Molecular Bio-
logical Laboratories database (eMBL) under the
accession numbers: LN833869-LN833879.
Statistical analyses
haplotype diversities (hd), number of segregating
sites (s) and nucleotide diversities (π) (Nei, 1987) were
computed using DnasP 5.00 (Librado and rozas, 2009).
The existence of population structure was assessed apply-
ing a one-way AMovA (excoffier et al., 1992), as imple-
mented in Arlequin ver. 3.5.1.2 (excoffier and Lischer,
2010). ΦST values (Wright, 1951) were calculated based
on haplotypic diversity values. The significance levels of
pairwise ΦST under the null hypothesis of no differentia-
tion between pairs of populations were tested using a non-
parametric permutation approach (10,000 permutations of
haplotypes among populations; excoffier et al., 1992).
Additionally, a two-way AMovA was applied pooling
populations belonging to the same drainage system.
A statistical parsimony network analysis was con-
ducted using the program TCs ver. 1.21 (Clement et al.,
2000). To test historical demographic trends in the
metapopulation an overall mismatch distribution was also
plotted using Arlequin. Finally, harpending’s raggedness
index (hri; harpending, 1994) was estimated according
to the mismatch distribution. The expansion parameters
Tau (τ), Theta0 (θ0) and Theta1 (θ1) were estimated both
under a demographic and a spatial expansion hypothesis
by a generalized non-linear least-square approach
(schneider and excoffier, 1999). Li’s formula (t=τ/2µ: Li,
1977) was used to estimate the time (t) at which the de-
mographic or spatial expansion began. The mutation rate
(µ) for Cox1 was calculated with 2.33% per million years
(schubart et al., 1998). Approximate confidence intervals
for the demographic parameters were obtained by 1000
parametric bootstrap replicates.
RESULTS
A partial segment of the 3' end of the Cox1 gene with
readable sequence lengths of at least 840 basepairs (bp) was
obtained for the 61 specimens. The sequence alignment was
unambiguous and free of stop codons and indels according
to the software Artemis, which makes the inclusion of
pseudogenes unlikely. The final alignment included 15
Tab. 1. Coordinates, sample size (n), number of haplotypes (hn), haplotype diversity (hd), and nucleotide diversity (π, values shown
in percentage) for populations from each river.
River                              Coordinate                                n                                       Hn                                      Hd                                       π
Jajrood                35°46.350’N 51°45.263’e                   12                                        4                                     0.561                                   0.15
Darakeh                35°49.09’N 51°22.85’e                     10                                        2                                     0.556                                   0.14
Taleghan             36°10.137’N 50°45.757’e                   10                                        1                                       0.0                                      0.0
Mollali                  36°27.74’N 49°30.86’ e                     12                                        3                                     0.439                                   0.05
sepidrood           36°49.060’N 49°25.256’e                    11                                        4                                       0.6                                      0.2
Arpachai             37°40.926’N 48°30.237’e                    6                                         2                                       0.4                                     0.05
Total                                        -                                        61                                       11                                    0.821                                   0.41
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variable sites, of which eleven were parsimony-informative
and four were singleton variable sites.
Total haplotype diversity was relatively high (0.821),
despite the fact that one population (Taleghan) had only
one haplotype. in contrast, total nucleotide diversity was
relatively low (0.41%), as the eleven detected haplotypes
are closely related. Most specimens (42) had one out of
three main haplotypes (Fig. 2; haplotypes T, M, P), and
the remaining individuals contributed eight additional
haplotypes with low frequencies. Among those, four hap-
lotypes were found in single specimens (Tab. 1, Fig. 2).
F-statistics showed an overall significant genetic dif-
ferentiation among populations (Φst=0.77, across all sam-
ples). All pairwise differences between populations were
significant, except for the comparison between popula-
tions sepidrood and Jajrood, belonging to different river
systems, with a Φst value close to zero (Tab. 2). The pop-
ulations Taleghan and Darakeh, geographically located in
between them, were genetically more distinct, but shared
haplotypes with both populations. A two-way AMovA,
grouping populations belonging to the same river basin,
indicated that genetic partitioning was not associated with
drainage systems (Φct=0.293; P=0.199).
The shape of the haplotype network was defined by
the existence of three main haplotypes (T, M, and P) and
clearly indicated an association among haplotypes and lo-
cations in line with the AMovA test. some haplotypes
(i.e., M and P) occurred in more than one population, but
a clear genetic partitioning among drainage systems did
not emerge. Two populations consisted exclusively of pri-
vate haplotypes (Mollali and Arpachai, Fig. 2). The pop-
ulations Jajrood and sepidrood harboured a total of four
different haplotypes, of which three were shared by indi-
viduals of both populations, even though they did not be-
Fig. 2. Maximum parsimony spanning network constructed with TCs based on an 840 basepair alignment of the Cox1 gene for a total
of 61 specimens. each line represents one substitution, and open circles on lines indicate unsampled haplotypes. The three most common
haplotypes are named with the letters M, P, T. The open circles with numbers above indicate the correlation of circle size with number
of individuals in each haplotype. Numbers inside the colour labels correspond to haplotype numbers used in Fig. 1.
Tab. 2. Pairwise Φst values of genetic differentiation among populations. Below diagonal are values of Φst, and their levels of signif-
icance are above diagonal.
                                                 Jajrood                     Darakeh                    Taleghan                      Mollali                     Sepidrood                  Arpachai
Jajrood                                          —                                *                                  *                                  *                                Ns                               *
Darakeh                                       0.29                              —                                *                                  *                                  *                                 *
Taleghan                                      0.83                             0.88                              —                                *                                  *                                 *
Mollali                                         0.83                             0.87                             0.79                              —                                *                                 *
sepidrood                                    0.00                             0.26                             0.74                             0.77                              —                                *
Arpachai                                      0.82                             0.86                             0.96                             0.90                             0.76                             —
*P<0.01; NS, not significant.
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long to the same drainage system. The main shared hap-
lotype (haplotype P, see Fig. 2) was also present in the
Darakeh population, which belongs to the same drainage
system as the Jajrood population. All tested individuals of
the population Taleghan revealed the same haplotype
(haplotype M, see Fig. 2) which was also occasionally
shared with sepidrood and Jajrood populations.
The skewed unimodal shape of the mismatch distri-
bution and the non-significant value of the raggedness
index (p=0.035) indicate that the null hypothesis of a pop-
ulation out of equilibrium can not be rejected for the
metapopulation (Fig. 3). Under the assumption of a de-
mographic expansion, the value for the whole Alborz pop-
ulations is 5.50 (95% confidence interval: 0.52-9.68),
corresponding to a population expansion which began at
around 1.2 Mya, while under the spatial expansion hy-
pothesis the value of τ is 3.82 (95% confidence interval:
0.88-8.2), corresponding to an expansion time of approx-
imately 0.8 Mya.
DISCUSSION
This study is the first to document intraspecific genetic
differentiation in an organism from the macrozoobenthos
of the Alborz Mountains. our results show that the popu-
lations of P. elbursi are genetically structured, with the
existence of locally private haplotypes in two out of six
populations. This finding is perfectly in line with the re-
productive biology and limited dispersion ability of fresh-
water crabs, since they are known to be highly philopatric
(i.e., individuals remaining or returning to their point of
origin or birthplace) and mostly confined to their prove-
nance freshwater systems (e.g., Daniels et al., 2006 for
Potamonautidae). They have also direct development re-
sulting in extended maternal care (Ng, 1988). in conse-
quence, they can be considered low dispersal organisms,
having a limited tendency or ability to cross terrestrial dis-
tances between rivers.
occasionally, freshwater crabs may cross short land
bridges during periods of heavy rainfall, when headwaters
of these populations originate from the same mountain re-
gions (Daniels, 1998, 2006; Cook et al., 2008; Poettinger
et al., 2011; schubart et al., 2011; Keikhosravi and
schubart, 2014; schubart and santl, 2014). Assuming that
P. elbursi disperses by walking in the vicinity of rivers, we
would have expected more genetic homogeneity in nearby
populations of the two different drainage systems (i.e., Ja-
jrood and Taleghan) and among populations of the same
river system (e.g., Taleghan and Mollali), because this dis-
persal favours gene flow among geographically close and
connected rivers. instead, the genetic partitioning we
recorded did not appear to match up with the drainage sys-
tems (e.g., the Caspian and Namak Lake drainages), as can
be seen in the haplotype network and the Φct value. More-
over, based on the Φst pairwise comparisons, we found that
the only two populations not genetically differentiated from
each other (Jajrood and sepidrood) belong to different
drainage systems and are geographically distant. This un-
expected result could be due to incomplete lineage sorting,
which is not a rare event in animals (Funk and omland,
2003), or alternatively due to human translocation events,
commonly recorded for freshwater crustaceans (Char-
mantier, 1992; Fratini et al., 2005; Noël and Guinot, 2007;
Jesse et al., 2009).
The populations of Mollali and Arpachai had their
own private haplotypes and thus appear totally genetically
isolated from all other populations. This could be ex-
plained by the three following factors, singularly or in
concert: the first is a recent population expansion follow-
ing a low effective population size caused by bottlenecks
(hou et al., 2012); the second is proneness of small pop-
ulations to genetic drift, as a consequence of founder ef-
fects under a reduced gene flow and population size
model (Whiteley et al., 2004); and the third is regional
philopatric behaviour of freshwater crabs. Further studies,
based on an extended dataset and on nuclear markers (i.e.,
microsatellites), are needed in order to decide which of
these factors played a decisive role in forming the current
population structure.
in the present case of the freshwater crab P. elbursi, the
metapopulation carries the signature of population bottle-
necks occurring in the recent past. This is revealed by the
Fig. 3. Mismatch distribution of the whole dataset. Dotted line
represents expected value under the hypothesis of spatial expan-
sion; dashed line indicates expected value under the hypothesis
of demographic expansion; solid lines represent the observed
data. hri, harpending’s raggedness index; P-values are provided
in brackets.
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unimodal shape of the mismatch distribution as well as the
non-significant value of the raggedness index (Fig. 3). in
addition, the result of the mismatch distribution is in line
with the overall high haplotype diversity (hd=0.82) and low
nucleotide diversity (π=0.41%) as well as with the shape
of the haplotype network (Fig. 2; Tab. 1). our calculated
time frame for the presumed expansion events suggests a
Pleistocene context: the last P. elbursi population expansion
seems in fact to have occurred around 1 My ago. This dat-
ing is highly plausible, since climatic fluctuations during
the Pleistocene are known to have affected the population
structure and distribution of other species inhabiting the Al-
borz Mountains (veith et al., 2003) as well as favouring
speciation processes in this area (Brandis et al., 2000).
CONCLUSIONS
The restricted distributions of most of the freshwater
crab species pose serious problems for conservation issues
(Yeo et al., 2008). Potamon elbursi is represented in both
of the local basins sampled, Namak Lake and south
Caspian sea in iran. The sampling trips between 2009 and
2010 for this study revealed that both watersheds limiting
the distribution of P. elbursi are suffering heavily from
desiccation and dam construction. in addition, this fresh-
water crab, as well as the rest of the local macrozooben-
thos, has not received any conservation attention. These
factors combined justify a prompt and thorough investi-
gation of this species’ populations with a wider sampling
strategy and possibly conservation efforts.
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